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Introduction

One of the most difficult ideas to communicate at the elemen-
tary level is how all economic entities interact simultaneocusly
through markets to determine prices, output, and the distribution
of income. Even describing what constitutes 2 "general equilibrium
system" is difficult; describing how it theoretically operates is
doubly difficult.

Most expositions at this level are a variant of either the .
equations system approach or the 2x2x2 economy (2 factors, 2 goods,
2 individuals) exposited graphically. Neither mefhod is without
serious problems. Since the mathematical preparation of students
and mcst instructors precludes developing analytical solutions,
the equation system approach can only be used to describe the
system. Furthermore, the equations are so formidable as to shock
the mathematical innocence of many students. The result is that
little may be communicated. The 2x2¥2 model, while better suited
to the technical equipment of the students, may nevertheless strain

ltheir credulity in being used to describe the multidimensional

wvorld which they observe. Given these pedagoglcal obstacles, al-

~ ternative or supplementary approaches should be particularly

attractive.

| The purpose of this paper is to describe such an alternative
or supplementary approach; it is a market exchange simulation
utilizing a computer assisted instruction system'developed at the

University of Illinois - the PLATO system.1
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The pedagogical strategy of the simulation is to first capture
the student's interest through personal involvement and experience;
this egﬁerience can then be used as a basis for subsequent elabora-
tion by the instructor in the classroom. If successful, the stu-
dent's interest will be raised to a point where it can sustain and
absorb the more rigorous traditional approaches described earlier

Because the term 'computer simulation' is frequently used to
describe tusiness games it should be noted at the outset that the
simulation to be descrived is in no meaningful sense a 'game’.
Specific2lly, no index of individual performance, either implicitly
or explicity, is computed, nor would any such computation have
meaning. Hence, students cannot be ranked on any scale of merit.
This is not to say, however, that a student will be unable to de-
scribe, in his own terms, whether the simulation worked to his ad-
vantage or disadvantage. Further, studenté in this simulation are
not asked to assume unnatural roles such as "pretend you ogfthe
president of General Motors." Tﬁey are asked only to be themselves
‘in a role which is‘familiar to them - as consumers. In this role
they are to be guidea by their tastes and not any abstract de-
cision rules.2

This simulation would be more accurately describved as a
"laboratory experience,"” the analogy being with the laboratory
experience as used at the elementary level of the physical sciences,.
At this level the basic functions of the laboratory are t04111us-‘
trate phenomena and to generate data for theoretical analysis.

When a CAI system is used to achieve these same ends it could be

g)~described as being used in a 'laboratory mode.* This mode may be
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contrasted with the ﬁore irequently used 'tutorial or testing mode.’ -
When used in this la56ratory mode, CAI systems have marked
similarities to simulations carried out by, say, a batech process
computer system. The CAI sysfem, however, has several advantages
over such systems. First, the CAJ system permits students to in-
teract with each other in an impersonal manner similar to the im-
personal nature of a market. This interaction proceeds without

any distracting logistical aspects, such as collecting punched
cards or distributing intermediate results. Further, the personal
computational needs of each participant, such as computing the net
value of his order, are instantly performed for him by the computer
as hié needs require. - A1l results are immediately and clearly
displayed for him. Finally, the analysis of the data can be car-
ried out froﬁ his same console as an immediate and natural exten-
sion of the simulation. In brief, a CAI system such.as PLATO

-permits the student's attention to be focused upon his decisions

‘with minimum distraction and loss of time.

Economic Model

The model simulates a simple exchange econdmy; supply 1is
fixed, there is no credit market or futures market. The studeﬁts
are told that they have been invited to a picnic by their econcmices
professor. The professor, however, is determined that although
the food is free, it is to be efficiently allocated among students
'by a "market process.” Each student then sees on his screen a

1ist of food items, the prices of each, and how many of each item
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he has arbitrarily been given. He is pefmitted to revise this
original allocation of food by buying and selling items at the
posted market prices. The net revenue from these transactions is
continually computed and its current value is displayed following

3

each transaction. When the student has optimized his order, he
so indicates to the computer; the computer will not accept his
order unless at that time his net revenue isznon-negative. This,
of course, reflects the assumption that there is no credit market.
When his total order is acceptedl the student is asked fo
wait until all studénts have also placed their orders. When
everyone has completed tbis task, fhis constitutes the eﬁd of a
‘round.' As soon as the last student's order is received, the
computer computes the excess-demand in each market and adjusts
the market price upwards slightly if this excess demand is'positive,
downwards if it is negative, or leaves the price unchanged if the
excess demand is zero. ‘ | :

The model follows Walras' tZtonnsment process in that each

student's order isiassumed to be only an offer to buy and sell;

the actuai executioﬁ of the order is codtingent upon all markets
clearing when all offers are compared.u If this happens,_a gen-
eral equilibrium has been found and the simulation end$.5 If é
"round does not prbduce a general eqﬁilibrium. students are given
the revised set of pric#s and a new value of their net revenue.

Since their offers were not actually executed, they still have

their original allocation of food, although it is stored in the
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mes- o ot displayed. Their last préferred allocati«s:  nowsw-
is a.played on the screen. Their original allowation of items,
value"at the new prices, constitutes their total revised pur-
chasing power; their last preferred allocations.A&hich they still
see . thelr screens, are also.valued at the new prices. Tﬁe dif-
ference =twren this value and their purchasing poWer is the new
net rev-- ie value they see. As soon as the new set of‘prices aﬁd
new ne*t revenue is présented. each student has an opportunity to
revise his order again if he wishes. There is an incentive to do
so because prices of items have changed and because the indi-
vidual's purchasing power has changed. Only, however, if their
‘new net reveﬁue was negative is the student actually required to
change his order. |
This prpcéés'can be illustratéd graphically for a typical

participant if wé assume that there aréHonly two items on the menu
at the picnic--roast beef sandwishes and Coca Cola. (In fact,
there are 10 items.) In Figure.l pbint E, represents the student's
‘ofiginal allocation 6f_sandwiches and Coke.6 Point E4 and the
initial set of market prices produce the budget line A-B, For'
most étudents point_A will not be an optimum choiée:”we assume
that the optimum is shown by point E,. Tﬁe student reaches Ey by
trading Coke for sandwiches. At E; his net revenue will be 22ro;
the computer only requires thaf it be'non-negafiVe;-any point on
,of withiﬁ the relevant budget line constitutesAan acceptadle o{dér.

When all students have placed their orders a new set of prices
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will usually be éenerated.. This new set anﬁ point E, produce a
new budget line. C—D. and é new value of the student's net
reVenué. which given order Ej, will be negative. Becauée of this
negative valug the student.will be required to alter his order to_
a choice on the new budget line, C-D. We aséume_this choice will
be E2. VWhen all students have reported their E, another set of
-prices will be generated; these are shown by the budget line F-G.
These prices will alsd produce a new, and in this case positive,

" value of our student's net revenue. In this case he could simply‘
reenter E2 as his order; more likely he would revise it to somé

_ point such as E3. Adjhstments such as theég continue until
either a general equilibrium is achieved or until the instructor

‘terminates

A

‘Post-Simulation Analysis

the simulation.

When the simulation is finished the method of subsequent ex-
" position can be left to the discretion of the instructor. Two .
.general choices are available to him,. however. These are an on-

line guided analysis of the data generated by the simulation‘by

individual students and/or a more traditional classroom lecture
equsiting the concepts in a more rigbrous manner but using the
simulation-experience as é.source of'illustrations. Although the
methods of‘analysis'and content of classroom lectures will also
vary éccordihg to>the level of the class, SOme.illustrafive ap-

proaches may usefully be given here.
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If one wishes to analyze in any detail the data generated by
the simylation. some choices are called for because the amount of
data produced is voluminous even for a class of only 20 students
with only 10 markets. Two_general levels of data can be used;
first, data relating to the ipdividual choices of each student
round by round. With only 20:students and 10 markets, each round
will generate observations on“200 choices. At the market level,
if one restricts attentlion only to prices, quantities, and excess
demand, there will still be 30 variables.

Fortunately, the PLATO system itself provides a powerful and
versatile tool for data presentatioh and analyéis. The simula-
tion program not only stores in memory all of the data generéted
by fhe gimulation but also provides three.graphical presentations

for on-line analysis. All of the data can also be obtained in

s

hard cépy form for more detailed off-line use.

Appendix A contains photographs illustrating each of the
three graphiéal\presentations. Thé most familiar form is, of
‘course. a price quantity diagram for each market. Frame 7 illus-
frates such a diagram for market number 10. Each round producés,
a price and quantity coordinate; these are plotted usiug the
relevant round number aé the plot symbol. One cén thus aléo _
easily follow the timelpath in the same diagram.' Such data also
provides a useful contrast‘betwgen partial and general equilibrium
analysis. A | | |

A second presentation of the market data ié shown in Frame 8.

This plots excess demand over 'time' - round by round. Since

f
.
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supply in each market is fixed, it is convenient to plot excess

" demand as a percent of this supply. The resulting variable is
dimensionless; consequently, more than one market may be plotted
simultaneously if desired. This diagram quickly shows the nature
and lextent of the disequilibrium in each market over time. Fur-
ther, by examining more than one market simultaneously, possible
consumption interdependencies may be explored.

The third presentation is shown in Frame 9. This tabular
presentation includes both the individual studenﬁ's and market
price/quantity data. These data give initial and final values
and are also presented in such a way as td facilitate computation
of price indexes at béth levels. Each of tl.ese three displays is
availab%e to each student independently of what any other student
may be looking at. Further, these three presentations are by no
means exhausfive; the only limitations on the variety of on-line
data presentation and analyses are the ingenuity and programming
resources of the instructor.

These three methods of presenting the data contain suggestive,

if not final, answers to many interesting questions relating to

the collective tastes of the students and to the dynamic behavior
of this simple general eguilibrium system. The nature of tﬁe
questions will be limited by the economic knowledge of the class.
To illustrate the use of these on~line presentations, a list of
questions appropriate for a‘class in intermediate miéroeconomic

theory is provided in Appendix B. The students were given the
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list of questions at the end of the simulation and then asked to
use the data to answer them as best they could. Their answers
were supsequently used as a %asis for a ciaserOm.discussion. if
desired, the questions could also be presented within the CAI
system rather than being distrihuted separately. The students
were permitted to proceed at their own pace; they were also en-
couraged to ask questions of their own and attempt to answer them
using the data. These questions and approach are only illus-
trative of a wide range of questions and uses that could im-.

mediately follow the simulation.

Variations in the Model

Minor refinements in the existing model offer much scope for
introducing new concepts. For example, markets could be segregated
by tlasses of consumer. If beer were one of the commodities, the
age of the participants could be used to restrict consumﬁtion only
to those who were of age; this would illustrate the_effect of
numbers of consumers on the dynamics of individual markets. The
;imulation illustrates the role of market price formation in re-
allocating purchasing power income, but initial distribution of
goods among participants is exogenous and arbitrary. In the
simulation used to date, each person started with an identical
allocation; this could be modified to, say,.an explicitly random

proéess. This is analogous to how some forms of wealth - hence

income ~ are distributed in the real world.
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In the model every attempt has been made to insure that Say's.
Law will apply: specifically, all goods are to be consumed at the
picnic.' This could be relaxed by introducing a store of value,
e.g. candy bars. Data generated by classes with this variation
would provide a useful contrast to data where no store of value

was available.

Concluding Remarks

The major pedagogical questiqn reiating to fhis or to any
other teczhnological innovation is: "but does it teach?” Little
systematic analysis has yet been completed to answer this question
for this'apprdach. The model has been used as an integral part
of one course gnd it has benefited from the comments of colleagues
who took the time to participate in several simulatidns. Several
instructors ﬁave expressed an interest in utilizing it in their
classes.. However, because of the heavy use of the PLATO system.
the lead time for scheduling has necessitated delaying their use
‘until the next semester.

While the formal validation is iﬁportant and will be carried
out as time permits, it will not be sﬁrprising if the results aré
inconclusive. This follows in part from what is attempted by the
use of the model. It is not designed to replace classroom pre-
sentation,'but rather to supplement it in much the same way that
laboratory sections supplement beginning courses in the physical
sciences. The function of these laboratory sections is.as much |

“to illustrate and stimulate as to "teach" in any direct sense.
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Consequently, to the extent this analogy is accepted, the long ex-
periencg of the physical sciences provides generél support for
this approach. Nevertheless, as an economist one is bound to ask
ultimately for a more precise measure of the educational benefit,
since neither the hardware or software of CAI systems is a free

good. This evaluation remains a project for the future.
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FRAME 1

-13-

Vinls is & slmulation of & general equilibrion
earket system.” You will participate in this
gystem In a role Lhat s femiliar to you - 85 8
consunet of foad producis. In this tole it is
fportant that your tohaviour Teflect os
pesrly st poseitle your true preferences. )
The chtusticon e this.  Your econwmics
profeccot has fre f1ed the cless to 8 picnlc,
1t scord, howe. €1, that the professor has hls
own speltel hangsup. Karma] people get hung up
on such things 8~ orpanic [ood, zen buddism,
ericn thoeing, ser, etc. The

e countey
cross {« hung up on

prolestar, pev hape evpes tedly,
toptimal’ TeTouTiE sllocation,

PRCSS -NEXT-

FRAME 3 .

¥ Your allocstion of any Itea con be changed
be entering the amount yon vish to cell- a
figutive nunter, or the smount that you wish to
buy - » positive runter. If you ere satisfled
vith the anaunt you have, make no entry.

If you male an entry and then vish to charnge
ft, erasc snd enter the nev amount, Note , If
you do erace an entry {1 must be replaced vithe

" sowethlrg 1f conly 8 zero,

-None, {e used only Bs 8 numeraire; money
vill not be uted as 8 nedium of exchange nor as
e store of value - normey balamces sre not
corried forwvard [§ marhets do not clear.,

K0TC: You must prese NEXT after each
transactior to record 1. An OK signfffes 1t
tos been recorded. :

' PRESS =NEXT-

O

ERIC

Aruitoxt provided by Eic:

T

FRAME 5

-

FRAME 2

2} In s moment you vill be given on’
fnltial sllocation of fond. You will then be
Kteittted to eschange this allocation for one
Mot might better 3t your own tastes. The
sllcation can be changed by selling some or all
of any §ter and ueing the recelpts to purchase
wre of cothere. All {food, however, Is to be
consumed at the plenic and your complete order
eust te cuch thst tecelpts sre st least ss large
85 your erpendftures. There {s no credit market?
Uhen your order §= placed, §f all markets do
not clear, you will be given B revised set of
prices and be rermftted to revise your order st
the new prices,

PRESS ~NEXT- |

FRAME 4

et sy

e T - &
' Fkt, You ¢sBuy
Unite price have -=Sell
172 $0.25 1

~Heny-
. Itenm
V. roast beef sandwich

2, tarrol sticks esch 8.85 19
Y. devilled egge 172 p.186 1
4. ol oz. B.02 4
5. coke oz. 8.82 4
6. Kool aid oz. g.82 16
7. ripe olives esch £.BS 6
8. turkey sardwich 172 B.18 1
8. brownies- .-~-each 8.1 1 -
18. ice cream oz. g.65 5
Cummulat{ve net revenue = - g.68

Uhen your corder {s ready press the -DATA- ke,

thelr orders,

You must wa!t until sll students have placed
At that time your screen will
tharge to reflect 8 new set of prices.

You can thee jeviee your order {f you wish,

- PRESS ~MEXT-
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FRAME 6

Three snalyses of morket dats produced by the.

stwlstion are svallatle. The flrst snalysls
stovs the path of martet ecess demand for
sceclfied rariete . To sec this enalysis press
the TEEM Joy ard type FLOTXD.

The tecond aralycls presents price-quantity
data penciated by the simulation In a supply-
dewand fcrr. To ter this analysis press the

The firal snaly=ls presents fnitial and final
price quantity dats for sll markets. To see
these data precss the TERR key end type SHOUNY,

yhen you have complzted your analysis press
the TERN. key and tyrpe FINISHLD.

PRESS -NEXT-

FRAME 8

Bkt excess decand n; s 1 of skt supply
3 31 . ’

‘ . 523w
ozogogog?a -3_-’-3‘-;' .o AR o‘&'

lch sorket n0.7 9 I 0K Prese Il‘."tﬂ‘-to m

(%)

"ERIC

[Aruitoxt provided by exic [N

w1l

FRAME 7

Price (cents)

[

8

Supply

1 —_—
plg—1H T T T T

RCS

. Quantity
Number of the market to be plotted < 1" on
PRESS -NEXT- '
FRAME 9 -
Initie] Valves: Final Volves:
Your Mkt Mkt Your Nkt fikt
ab, QD - Py’ o, €, P
M1 P @ p8s s s ek
w2 S 48 #.85 -3.38 B.83.
R 3 1 8 .18 8 13 B.B3 -
™, 4 8 64 B8.82 @ -5 B.f2
Xl 5 & ‘64 . 0.82 # 57 p.2d
Xl 6 & 64 .02 B 48  PB.E9
xt ? 6 48 8.85 8 43 8.85
X &8 2 1% B.18 ¢ 15 .83
™I 8 2 16 - B.15 § 15 9.8
T 5. 49 8.85 8 41 p.g8
: NKT QD Your QD
1Pa~QDp= 19.84 2.38
1P ¢ xQ0 = 3.98 ¢.e8
“IPg=Qhye 17,97 .08
!P;'QD;' 3.44 6.63

<NEXT-
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APPENDIX B

Questions Given to Students to Guide -Their
Analivsis of tne Jirmulation Data

L4

Which markets, if any, failed to reach equilibrium? For each
marzet that failed to reach equili»rium, describe the nature
of the disequilibrium when the simulation ended.

Market: Iyve of disequilibrium:

Did the behavior of price and/or quantity demanded seem to
you to be counter intuitive, 1l.e., different than what you
would have predicted? If so, name the market and briefly

explain. :

In which markets was there the most active trading? Upon
what are you basing your answer?

Did any of the goods fail to follow the basic law of demand?
(This is tricky!)

Was the price level different at the end than at the start?
What evidence are you basing your answer on?

What is the definition of "excess demand"? What role do you
think this variable played in price dynamics in each market?

Were any free goods revealed by the simulation? Which were
they? Did any goods change from being an economic good to a
free good and back to an economic good?

Yrom the data, are there any pairs of gcods which seemed to
have either a complementary or substitute relationship? What
are the pairs, if any, and what evidence do you have to support
your answer?

Look at the initial and final economic situation of some other
student. Can you deduce from looking at these data whether
he was better off or worse off at the end than at the start?

Was the market value of your final bundle higher or lower
than the market wvalue of your initial bundle?

Was the utility to you of your final bundle higher or lower
than your initial bundle?

Did any goods appear to have perfectly price inelastic demands?

Did you ask any other gquestion of the data? If so note these below:
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FOOTHNOTES

1For a complete description of this advanced CAI system, see

either D. Alpert and D. L. Bitzer, "Aannces in Computer-Baséd
Education,” Science, Vol., 167 (20 March 1970), pp. 1582-1590; or

D. L. Bitzer, 3. A. Sherwood, and P. Tenczar, "Computer-Based

Science Education," Proceedings of UNESCO Conference Utilization

of Educationrnzl Technology in the Imvprovment of Science Education,

13-156 September 1972, Paris, France (forthcoming). ' .

20ne problem that arose regarding roles‘was the propensity
of 'a few students (and instructors) to act as speculators : rather
than as cdnsumers. This behavior appeared'nctwithstanding the
fact that Withéut actual and repeated buying and selling no mean-

ingful speculation is possible. Following the t3tonnement process,

all offers are contingent upon the prices_turning out to be
equilibrium prices. To discourage this 'speculative’ behavior,
large purchase orders of any given good are refused by the program
‘and the student receives a messége asking him to stop trying to

- 8peculate.

3Appendix A, Frames 1-5, shows how this information is actually
presented to the students. Students communicate their decisions

to the system by means of their own keyboards.

n

-"In a correctly specified general equilibrium system, the
7>'meraire must be a traded good, its price, of course, being unity

by definition. 1In the simulation, money prices are used to conform
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tc the obvious fact that consumers think in money terms. But, in
spite of the fact that money is not a traded good, it is a numeraire
in the sense of being the unit of account. A true numeraire could
“be defined by arbitrarily holding constant the money price of one
of the traded goods regardless of the excess demand in the marXket

for this good.

5The instructor may establish a less strict definition of general
equilidbrium at any point in the simulation. For example, the simula-
tion could be programmed to end if in all markets excess demand as
a percent of supply were within plus or minus 15% percent of zero,

rather than being exactly zero.

61t should be noted that E, is not true equilibriunm in the
sense of being a voluntary choice of the consumer, for given a
set of prices and purchasing power, E, is an arbitrary assignment.
The other E's do represent equilibrium choices in the sense

‘described.




